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Mesozooplankton constitutes the most 
important food source for larval and planktivorous fish 
and also plays a key role as an energetic link between 
primary producers and secondary consumers 
(KIØRBOE, 1991; NEUMANN-LEITAO et al., 
1999). Also, mesozooplankton supports the marine 
ecosystem functioning by controlling primary 
production and, hence, the transfer of carbon through 
the pelagic food web (ESCRIBANO et al., 2007). 
Thus, estimation of mesozooplankton biomass and 
density is relevant from both fisheries and biological 
oceanography viewpoints. Studies on the seasonal 
variation of zooplankton biomass as a potential 
measurement of food sources for fish species have 
been carried out in the southern Patagonian shelf (45º 
to 55ºS) (SABATINI; ÁLVAREZ COLOMBO, 2001; 
SABATINI et al., 2001). Also, the role of 
environmental forcing in determining seasonal and 
spatial zooplankton biomass distribution has been 
investigated in the same region (SABATINI et al., 
2004). The zooplankton composition and dynamic in 
the Magellan region including the Beagle Channel 
have been well studied (GUGLIELMO; IANORA, 
1995, 1997; MAZZOCCHI; IANORA, 1991; 
ANTEZANA, 1999; DEFREN-JANSON et al., 1999; 
LOVRICH, 1999). In addition, several studies on 
quality and quantity of mesozooplankton community 
have been carried out so far in the Beagle Channel 
(FERNANDEZ-SEVERINI; HORFFMEYER, 2005; 
BIANCALANA et al., 2007) but the variation of 
mesozooplankton biomass has not been deeply 
addressed until now.  
This study is therefore the first attempt to 
evaluate the mesozooplankton biomass variation in 
Ushuaia and Golondrina Bays in the Beagle Channel. 
The main objective was to analyze the seasonal and 
spatial variation of mesozooplankton biomass in these 
bays taking into account some environmental factors 
that could be modulating its dynamics.  
 
 
Ushuaia (UB) and Golondrina (GB) bays are 
located on the northern coast of the Beagle Channel 
(54º79'S-68º22'W and 54º85'S-68º36'W, respectively) 
(Fig. 1). Both bays display different physical and 
hydrological features. Their sizes are different, being 
UB 9 km long while GB has a length of 2.2 km. Depth 
in UB ranges from 6 to 30 m in some western sectors, 
reaching up to 100-170 m in the East of this bay, close 
to the Beagle Channel. GB is shallower than UB, 
reaching depths of 20 m in outer zones near to the 
Beagle Channel. Both bays also differ in their bottom 
type. UB displays a consolidated soft-bottom with 
stones and shells whereas GB has a soft and less 
consolidated substrate. A permanent strong current 
moves west along the northern coast of UB at 2 cm s-1, 
and then progresses to the southeast along the southern 
coast at 16.3 cm s-1; while in GB the current flows 
from the southwest with maximal velocities of 2.6 cm 
s-1 (BALESTRINI et al., 1998). Ushuaia City (54º48'S, 
68º19'W) has been contributing during the last three 
decades with anthropogenic inputs on the coast of both 
bays. Particularly, the northern zone of UB, has been 
suffering significant alterations as a result of domestic, 
industrial and harbor activities. As UB, GB has 
received noticeable contributions of wastewater 
through the sewage diffuser situated on the eastern 
coast of this bay (AMIN et al., 2011a, b; DUARTE et 
al., 2011; GIL et al., 2011). In addition, the coast of 
GB has suffered the increased development of 
surrounding urban centers and tourism infrastructure. 
Also, its coast has received the influence of the 
unloading of the Pipo River, which receives several 
urban untreated discharges (GIL et al., 2011). So, 
several deleterious effects on water quality have been 
observed as a consequence of the uncontrolled 
development of Ushuaia City and its industrial zones 
(TORRES et al., 2009; AMIN et al., 2011a, b; GIL et 
al., 2011).  
 
 
 
                             
 
 
Fig. 1. Map of the study area and the location of the sampling stations in Ushuaia and Golondrina bays, Beagle Channel. 
 
Sampling was carried out seasonally in late 
winter (26-27 Aug 2004); late spring (09 Dec 2004), 
late summer (02-04 Mar 2005) and late autumn (14-15 
Jun 2005). Samples were obtained from 22 and 7 
stations located in UB and GB, respectively. 
Mesozooplankton samples were collected using 
plankton net with a 0.30 m mouth diameter and 200 
µm mesh size, by means of oblique hauls from close to 
the bottom, up to the surface, aboard a motor boat at a 
speed of 2 knots during 5 minutes. A General 
Oceanics® digital flowmeter was used to estimate the 
seawater volume filtered. The volume of seawater 
filtered ranged from13.65 to 19.64 m3 in UB and from 
15.66 to 19.15 m3 in GB. Samples were preserved in 
4% formalin (BOLTOVSKOY, 1981). 
Mesozooplankton biomass was estimated by the 
gravimetric method in terms of wet weight and 
expressed in mg WW m-3 (POSTEL et al., 2000). The 
samples were vacuum-filtered using a nylon filter (30 
µm pore) in order to remove the interstitial water and 
then were directly weighed in a S¢IENTESH SA210 
analytic balance (BOLTOVSKOY, 1981). Qualitative 
and quantitative analysis were done under Wild M5 
stereoscopic microscope according to reference 
(BOLTOVSKOY, 1981; GUGLIELMO; IANORA, 
1995, 1997). Surface salinity and temperature 
conditions were registered at each sampling date using 
a multiparametric probe (HORIBA U-10). Surface 
water samples were also obtained by Van Dorn bottle 
for Chlorophyll a determination (STRICKLAND; 
PARSONS, 1972). Non-parametric statistical 
procedures were used since the results of the present 
study did not meet the assumptions of normality and 
equality of variance (SOKAL; ROHLF, 1979). Mann-
Whitney U-test was applied to detect differences in 
mean biomass values between bays and Kruskal-
Wallis test was used to find differences among 
seasons. In cases where significant differences among 
seasons were found, Mann-Whitney U-test with 
Bonferronis correction was applied. All statistical 
analyses were conducted at a significance level of 0.05 
(SOKAL; ROHLF, 1979). Surfer 8 software was used 
to plot mesozooplankton biomass in order to assess its 
spatial distribution.  
The mean biomass values ranged from 1.91 
(late winter) to 23.04 mg WW m-3 (late summer) in 
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UB, and from 2.71 (late spring) to 4.63 mg WW m-3 
(late winter) in GB (Fig. 2). In UB significant 
differences of mean biomass were detected among 
seasons (p<0.01), except between late spring and late 
summer, while in GB no significant differences were 
found (Fig. 2). In accordance with our results, higher 
values of zooplankton biomass during spring-summer 
were found in a study conducted along the southern 
Patagonia shelf between 50º S to 55º S latitude 
(SABATINI; ÀLVAREZ COLOMBO, 2001). In 
addition, these authors estimated that 60-80 % of 
zooplankton biomass was made up of copepods in the 
whole southern Patagonian shelf region coinciding 
with our results. 
 
 
Fig. 2. Seasonal variation of mesozooplankton biomass (mg 
WW m-3) in Ushuaia and Golondrina bays. Mean ± SE (= 
SD/ sq. root (n)). 
 
In UB, the mesozooplankton biomass values 
ranged from 0.63 mg WW m-3 (station 2, late winter) 
to 129.46 mg WW m-3 (station 15, late summer) (Fig. 
3). These biomass values were notably lower than 
those reported by SABATINI; ÀLVAREZ 
COLOMBO (2001), which found that zooplankton 
biomass (<5 mm size fraction) ranged from 100 to 
1000 mg WW m-3 in spring. This difference in 
biomass could be due to the influence of marine 
currents, local wind forces, the propagation of tidal 
waves, freshwater discharges, among others factors 
(SABATINI et al., 2004). These authors mentioned 
that the highly energetic flow of the Antarctic 
Circumpolar Current produce largest variances in 
temperature and salinity in the southern region 
between Tierra del Fuego and Isla de los Estados 
(SABATINI et al., 2004). Particularly in UB, a 
permanent and strong current which enters from the 
Beagle Channel (BALESTRINI et al., 1990) and 
freshwater inputs (Olivia River and Grande Stream) 
joined with wastewater discharges (GIL et al., 2011), 
could produce variability in temperature and salinity 
as well as changes in phytoplankton and 
mesozooplankton dynamics. Also, SABATINI et al. 
(2004) suggested that the permanent mixture of the 
water column causes that algal cells to receive limited 
amount of light because of their continuously up and 
down movements. Consequently, the phytoplankton 
production could be very low (SABATINI et al., 
2004). In addition, HERNANDO; SAN ROMÀN 
(1999) suggested that enhanced levels of UVB related 
to the thinning of the ozone layer, could explain the 
lower phytoplankton production in the Beagle 
Channel. Thus phytoplankton biomass and production 
could be lower in the study area than in other 
environments of low latitudes. This fact may have a 
direct consequence on the biomass of herbivorous 
zooplankters in these areas.  
The chlorophyll a values ranged from 
0.31(late autumn) to 11.13 mg m-3 (late summer) in 
UB and from 0.27 (late autumn) to 2.73 mg m-3 (late 
spring) in GB (Fig. 4). The observed increase in 
chlorophyll a values in both bays during late spring-
summer reflect a greater phytoplankton activity 
favored by an increase in temperature, optimal light 
condition, and high concentration of nutrients, 
especially near the coast in both bays (FERNANDEZ-
SEVERINI; HOFFMEYER, 2005; BIANCALANA; 
TORRES, 2011; GIL et al., 2011). The highest 
mesozooplankton biomass observed in UB during late 
summer, apparently follows the annual phytoplankton 
maximum (FERNANDEZ-SEVERINI; 
HOFFMEYER, 2005). However, temporal variation of 
the mesozooplankton biomass could be explained not 
only by the phytoplankton availability (bottom up 
mechanisms) but also by predation, which must be 
taken into account as a top down control. Low grazing 
pressure of herbivores as a consequence of predation 
on them by planktonic carnivores as Themisto 
gaudichaudii, would also contribute to the 
phytoplankton production. In addition, increases in 
mesozooplankton biomass from late spring to late 
summer in UB, were associated not only with 
temperature and chlorophyll a rise, but also with 
salinity decrease (Fig. 4). Low salinities during warm 
seasons in both bays are direct consequences of 
freshwater inputs from several defrost fluxes such as 
streams, rivers and runoff (TORRES et al., 2009; 
AMIN et al., 2011b; GIL et al., 2011). Concerning 
mesozooplankton biomass in GB, the lowest (0.44 mg 
WW m-3) and the highest (12.71 mg WW m-3) values 
were recorded in late winter at stations 6 and 4, 
respectively (Fig. 3). The increase in mesozooplankton 
biomass during late winter was given by maximum 
abundances registered of Halicarcinus plantanus 
larvae. Accordingly, this species was commonly 
recorded during the same season in both bays in 
another study (LOVRICH, 1999). On the other hand, 
significant differences of mesozooplankton mean 
biomass between both UB and GB were only found in 
late summer -March 2005- (p<0.05) (Fig. 3). As it was 
previously mentioned, the increase of chlorophyll a 
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values in this period reflected phytoplankton biomass. 
Consequently, the mesozooplankton food sources 
were more significant in UB than in GB. Finally, these 
conditions would produce a subsequent increase in the 
mesozooplankton abundance which could be reflected 
in the biomass values. Concerning the spatial 
distribution of mesozooplankton biomass in the four 
seasons, it was observed that it showed a definite 
pattern. The highest values were registered mainly 
close to the northwestern coast of both bays, being this 
pattern stronger in UB in late summer (Fig. 3). This 
fact could be a quick response of mesozooplankton (in 
number and mass terms) to the phytoplankton biomass 
available, favored by higher nutrient concentrations in 
the coastal zone. The presence of dense macroalgae 
beds, in which Macrocystis pyrifera is the dominant 
species, is associated with nutrient recycling, probably 
contributing to the extraction of nutrients from water 
column, and supporting an important bentho-pelagic 
coupling (ADAMI; GORDILLO, 1999; TORRES et 
al., 2009). Interestingly, this shallow zone is the most 
affected area by organic and nutrient loadings (AMIN 
et al., 2011b; GIL et al., 2010; TORRES et al., 2009).  
 
 
Fig. 3. Spatial distribution of mesozooplankton biomass (mg WW m-3) in Ushuaia and Golondrina bays. 
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Fig. 4. Mean Chlorophyll a, temperature and salinity seasonal variation in Ushuaia and Golondrina bays. Mean ± SE (= SD/ sq. 
root (n)); T: Temperature, S: Salinity, C: Chlorophyll a, UB: Ushuaia Bay, GB: Golondrina Bay. 
 
The most important copepods, which 
contributed to the total mesozooplankton biomass 
values, are shown on Table 1. Ctenocalanus citer, 
Clausocalanus brevipes and Drepanopus forcipatus 
were the most dominant copepods in late winter-
autumn in both bays (Fig. 5). Those are typical species 
of Sub-Antarctic areas (DEFREN-JANSON et al., 
1999) and have already been mentioned for Ushuaia 
and Golondrina bays in winter by BIANCALANA et 
al, 2007. These species were usually found with high 
abundance in stations close to the Beagle Channel. In 
late spring-summer, cosmopolitan small-sized 
copepods like Acatia tonsa and Oithona similis, were 
dominant contributing to the biomass in both bays. 
Paracalanus parvus and Eurytemora americana were 
became important in late autumn and late spring-
summer, respectively (Fig. 5). These species were 
observed mostly in coastal stations. Eurytemora 
americana was particularly associated with a coastal 
zone in UB with a certain degree of eutrophication 
(station 1 and 2) (BIANCALANA; TORRES, 2011). 
Fernandez-Severini and  Hoffmeyer (2005) reported 
the presence of these species in summer for Ushuaia 
and Golondrina bays. These authors mentioned that 
calanoid copepods were the dominant species within 
mesozooplankton followed by the cyclopoid copepod 
O. similis (FERNANDEZ-SEVERINI; 
HOFFMEYER, 2005). All these species mentioned 
above, have also been reported by Guglielmo and 
Ianora (1995) and Mazzocchi and Ianora (1999) for 
the Magellan region. Other groups such as Cladocera, 
Amphipoda, Euphausiacea, Mysidacea and 
Appendicularia, which have been registered in the 
Magellan region (DEFREN-JANSON et al., 1999; 
GUGLIELMO; IANORA, 1997), were also observed 
in the samples collected for the present study. The 
presence in UB and GB of the above mentioned 
species is particularly relevant from a trophic point of 
view because these organisms constitute the most 
important food source for zooplanktivorous fishes and 
fish larvae in the Beagle Channel (SABATINI; 
ÀLVAREZ COLOMBO, 2001; SABATINI et al., 
2001). In addition, different stages of relative small 
copepods like C. brevipes, D. forcipatus and O. similis 
present in spring are considered to be the adequate 
food items for larvae and post-larvae of Patagonian 
sprat Sprattus fuegensis being the Beagle Channel and 
Fueguian Channels its spawning area (ARANIS et al., 
2007; SANCHEZ et al., 1995; SABATINI et al., 
2001). Zooplankton assemblages found in our study 
are also the main food source for this fish species and 
for other zooplanktonic fishspecies like Odontesthes 
nigricans and the genus Patagonotothen spp. (Fam. 
Notothenidae) which are also commonly registered in 
the Fueguian subdistrict (South Patagonian District) 
(LÒPEZ et al., 1996; BALECH; EHRLICH, 2008). 
Adults of some small-sized species like O. similis, P. 
parvus, A. tonsa, E. americana as well as the first 
development stages of these copepods and D. 
forcipatus probably were not properly sampled with 
the net used in this study, due to the pore size (200 
µm) (DI MAURO et al., 2009; ANTACLI et al., 
2010). However, we assume that they were available 
as prey and their biomass values followed the general 
trends found for adults which were effectively retained 
by the net. According to our findings, most of coastal 
mesozooplankton assemblages are composed by these 
small-sized copepods which generally dominate in 
abundance and biomass terms (TURNER, 2004).  
Both bays receive untreated domestic 
effluents from Ushuaia City and the industries situated 
in its surroundings. As a result, coastal waters 
presented relatively moderate levels of polluted with 
sporadic eutrophication processes (TORRES et al., 
2009; AMIN et al., 2011b; DUARTE et al., 2011; GIL 
et al., 2011). The increase of nutrients, especially 
nitrates, nitrites and phosphates, products of sewage 
discharges and defrosting events, produces an 
enrichment of water and a phytoplankton biomass 
enhancement (GIL et al., 2010; TORRES et al., 2009). 
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Consequently, this process indirectly contributes to 
modulate the spatial-seasonal distribution patterns of 
mesozooplankton. The wind seems to be another 
control factor. Contrary to what was observed in UB, 
GB was influenced by winds belong to S-SW and N-
NE and these ones seems to play an important role on 
forcing circulation and consequently in the distribution 
of plankton biomass.  
 
Table 1. Frequency of occurrence (FO %) of the most important copepod species found in Ushuaia 
Bay in all sampling periods. 
 
 
 
 
 
 
Fig. 5. Relative abundance (RA %) of the most important copepods founding at each station in UB. 
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To summarize, differences in physical and 
hydrological features as well as the availability of 
phytoplankton biomass are some of the factors that 
could influence mesozooplankton biomass distribution 
in Ushuaia and Golondrina Bays. Others factors that 
could affect the mesozooplankton biomass distribution 
are: the action of winds, different depths and water 
circulation (BALESTRINI et al., 1990), seasonal and 
spatial variations of mesozooplankton abundance and 
composition (FERNANDEZ-SEVERINI; 
HOFFMEYER, 2005; BIANCALANA et al., 2007), 
phytoplankton biomass (BIANCALANA et al. 2007), 
seasonal conditions of temperature, salinity and 
nutrients (GIL et al., 2011), anthropogenic influence in 
the coastal area (TORRES et al., 2009; AMIN et al., 
2011b; DUARTE et al., 2011; GIL et al., 2011), 
distribution of the Macrocystis forests (ADAMI; 
GORDILLO, 1999). The results obtained in this study 
demonstrate  that  mesozooplankton  biomass displays 
a  different  spatial  and  seasonal  pattern  in both 
bays. Finally, this research not only puts emphasis on 
the mesozooplankton biomass dynamic in both bays 
but also highlights the presence of copepods that can 
play a key role in the pelagic-food web of the study 
area.  
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